Objectives: Traumatic dental injuries (TDIs) in childhood and adolescence are a potential public health problem given their prevalence and consequences. The aim of this study was to assess the impact of TDIs on the oral health-related quality of life (OHRQoL) of preschoolers and schoolchildren, by synthesizing the available evidence.
| INTRODUCTION
Traumatic dental injuries (TDIs) are a common condition in up to 20% of children and adolescents, given their greater participation in recreational and sports activities. 1, 2 Given their relevant prevalence and consequences, they are a public health issue to be taken into consideration. 3 Oral injuries can cause aesthetic, psychological, social, functional and therapeutic problems, not only at the time of the accident, but also during later treatment. 4 Children with TDIs can experience emotional stress, pain and discomfort affecting their oral health-related quality of life (OHRQoL). [5] [6] [7] Oral health-related quality of life is defined as a multidimensional concept which includes a subjective evaluation of the individual's oral health, functional well-being, expectations and satisfaction with care, and sense of self. 8 The measurement of OHRQoL together with clinical indicators can provide a more comprehensive assessment of the patient's oral health. 9 The first OHRQoL questionnaire designed for children was the child oral health quality of life questionnaire (COHQoL), which is composed by the child perceptions questionnaire (CPQ) for ages 11-14, published in 2002, 10 with a version for younger children aged 8-10 11 ; the Parental Perceptions of
Child Oral Health-related Quality of Life (P-CPQ) 12 ; and the Family Impact Scale (FIS). 13 Later, the Child Oral Impact on Daily Performance Index (Child-OIDP) and the child oral health impact profile (Child-OHIP) were developed for schoolchildren. 14, 15 Questionnaires for preschoolers using parental proxy report have appeared more recently: the Early Childhood Oral Health Impact Scale (ECOHIS) was published in 2007 and the Scale of Oral Health Outcomes for 5-year-olds (SOHO-5) in 2012. 16, 17 Investigators are increasingly measuring OHRQoL to assess the impact of a wide range of oral and orofacial conditions in children. As a consequence of this interest, systematic reviews of malocclusion, 18 cleft lip and/or palate, 19 orthodontic treatment 20 and TDIs 21 have been undertaken. The latter focused on studies of the preschool children using the ECOHIS questionnaire. The review authors concluded that there is a moderate quality of evidence suggesting a significant impact on OHRQoL of TDIs in the primary dentition. 21 However, it neither evaluated schoolchildren, nor considered studies measuring OHRQoL with other questionnaires developed for this purpose.
Accordingly, the research question to answer is: How do TDIs affect the OHRQoL of preschoolers and schoolchildren, and which specific OHRQoL domains are affected? The aim of this study was to assess the impact of TDIs on preschoolers' and schoolchildren's
OHRQoL by synthesizing the available evidence through a systematic review approach.
| MATERIALS AND METHODS
Systematic review of the literature reported according to the guidelines of the preferred reporting items for systematic reviews and meta-analyses (PRISMA). Studies were excluded if they considered medically compromised participants; they measured only health-related quality of life without assessing OHRQoL; the study sample comprised adults and children without age group stratification; the study design was case report or case series with a sample of fewer than 10 patients; or they were not primary studies.
Two members of the study team (CZ and JA) independently reviewed articles found in the literature searches by examining them in the three consecutive phases of titles, abstracts and full-text revision. A third reviewer (MMZ) resolved discrepancies. Data extraction and methodological quality assessment of the studies were conducted by agreement of two reviewers (CZ and JA) using a standardized, predefined data collection form. A pilot test using six potentially eligible articles was performed to homogenize criteria among reviewers throughout the whole process. Neither authors nor journals were blinded to reviewers. Finally, the reference lists of the selected articles and those of previous systematic reviews were checked to identify other possible studies that could be included.
Coding for inclusion and exclusion criteria was defined and recorded for each phase.
The information extracted was publication data, study design, sample size, patient characteristics, TDI diagnostic criteria, OHRQoL instrument used and findings obtained from each group (event frequency, mean and standard deviation of global and domain scores, odds ratios and confidence intervals [CIs] ). Finally, to take into account TDI severity, "complicated TDIs" were defined as injuries involving exposure of the pulp tissue and/or dislocation of the tooth, and "uncomplicated TDIs" as those in which the pulpal tissue was not exposed and the tooth was not dislocated (crown fracture of only enamel, crown fracture of enamel, and dentine or tooth discoloration).
We contacted study authors by e-mail to obtain additional information when data were missing or unclear. The studies' methodological quality was assessed with the Effective Public Health Practice ZAROR ET AL.
| 89
Project's (EPHPP) Quality Assessment Tool for Quantitative Studies, which has the six components of selection bias, study design, confounders, blinding, data collection methods and withdrawals/dropouts. Each component was classified as "strong," "moderate" or "weak," and a global rating was obtained according to the number of components rated as weak (0, 1, or >1). 23 
| Data synthesis
When OHRQoL results were reported as scores (continuous variables) in the included studies, the standard mean difference (SMD)
between the group of individuals with TDIs and controls was calculated and pooled by meta-analysis. The SMD allows combining data from studies using different OHRQoL instruments. 24 When the authors reported OHRQoL data as a dichotomous variable describing the presence or absence of any negative impact, the odds ratios (OR) were calculated and pooled. We combined adjusted OR published in the studies using the generic inverse variance method.
For all measures, forest plots were constructed showing the summary and 95% CI estimated in the meta-analyses, together with results from individual studies. We used a random effect model (DerSimonian-Laird method), as we expected variation in effects due to differences in study populations, questionnaires and methods.
Meta-analyses were conducted separately for preschoolers (<6 years old) and schoolchildren (6-15 years old). Testing by the studies' subgroups was performed according to the OHRQoL questionnaire used, because it could be a relevant source of heterogeneity, and a sensitivity analysis, excluding studies that used OHRQoL questionnaires designed for adults and weak methodological quality, was planned.
Heterogeneity among studies was evaluated using the I 2 statistic categorized as follows: <30% not important; 30%-50% moderate; 50%-75% substantial; and 75%-100% considerable. 24 Data were not pooled if I 2 was over 75%. To explore possible publication bias, a funnel plot was planned when the number of studies pooled was ≥10. The software used was Review Manager 5.3 (Cochrane IMS, Copenhagen, Denmark).
3 | RESULTS Figure 1 shows the PRISMA diagram of the literature flow chart in our review. The search identified 237 citations. Once 24 duplicates were excluded, 213 titles and 68 abstracts were reviewed, 39 articles were fully read, and finally 30 articles were included. Of the 39
full-text articles reviewed, three were excluded due to the lack of a suitable control group, 5,25,26 two because TDIs diagnostic criterion was not specified, 27, 28 two for only assessing family impact, 29, 30 and two studies because they also included adults and results were not stratified by age. 31, 32 Agreement between the two reviewers during the 3 phase process was good (k = 0.735).
The main characteristics of the included studies are presented in Table 1 (ordered by year of publication). The 30 articles identified correspond to 26 studies, because 4 studies were reported in more than one article. 35, 39, 49, 53 Most were published after 2011, 21 were cross-sectional studies comparing groups with and without TDIs, 4
were case-control, and 1 was a case-control nested in a cross-sectional study. Most studies were carried out in Brazil, two in Canada and Peru and only one study from India and the United Kingdom.
Ten studies were conducted on preschoolers (<6 years) and 16 on schoolchildren aged 8-15 years. Andreasen's TDIs diagnostic criterion was most commonly applied (12 studies), followed by O'Brien (8 studies), WHO (4 studies) and Glendor criteria (2 studies).
All preschooler studies used the ECOHIS, except one with the SOHO-5. In schoolchildren, the most frequent OHRQoL questionnaire was the CPQ11-14 (10 studies): the full version, the 16-item and the 10-item short forms in 4, 4 and 2 studies, respectively. The CPQ8-10 was implemented in two studies, the Oral impact on daily performance for children (Child-OIDP) in three and the original OIDP designed for adults in one. The methodological quality ( Figure 2 ) was qualified as moderate in most studies. "Selection bias" and "Data collection methods"
were the best evaluated components (mostly strong), because the sample was randomly selected from schools in most studies, and all of them used a valid and reliable instrument to assess the primary outcome, OHRQoL (considered an eligibility criterion). "Study design" was predominantly qualified as weak because it was crosssectional, except for the five case-control studies (moderate). None was qualified as strong because no longitudinal study was identified, and subsequently, the "Withdrawal/dropout" component was not applicable. The quality of "Confounders" component was qualified as strong for the five case-control studies, which were controlled by matching. All cross-sectional studies were adjusted for confounders in the analysis: fifteen performed adjusted analysis for TDIs (strong), although adjusted estimators of five could not be included in any meta-analysis due to outcomes underreporting; and the other six studies were qualified as moderate because the specific analysis for TDIs was not adjusted. Finally, "Blinding" was qualified as moderate due to most studies not reporting whether the dental examination and OHRQoL questionnaire administration were independently performed. Figure 3A shows results from studies with preschoolers. Six studies reported the mean of ECOHIS total score and one study the mean of SOHO-5 total score from preschoolers including 1841 patients and 4582 controls. Test for subgroups showed that the difference in results from these two questionnaires was not significant (P = .95).
| Global impact on OHRQoL
The pooled SMD between the TDIs group and the control was not Figure 3B shows forest plots for studies with schoolchildren. No pooled data of the meta-analyses carried out with all these studies was provided because the heterogeneity was considerable when calculating pooled SMD (I 2 = 80%) and OR (I 2 = 86%). In the sensitivity analysis of ORs meta-analysis, the heterogeneity diminished to I 2 = 59% after excluding one study which had been performed with the OIDP designed for adults. 33 In this case, data showed that OHR- 
| Domains affected
Eleven studies in total were included in the meta-analyses of the four OHRQoL domains (Figure 4 ). The instrument used was the ECOHIS in 5 studies with preschoolers (1566 patients and 3416 controls) and the CPQ11-14 in 6 studies with schoolchildren (462 patients and 2870 controls). No OHRQoL domain score presented statistically significant differences between the TDIs group and controls in studies with preschoolers ( Figure 4A ). In studies with schoolchildren ( Figure 4B ), the pooled SMD was statistically significant for the social domain (0.34; 95% CI: 0.13-0.55; I 2 = 68%) but not for the symptom one. Due to high heterogeneity, pooled SMD was not shown for symptom domain in preschoolers and for functional and psychological domains in schoolchildren (I 2 was 79%, 78%
and 85%, respectively). Figure 5 shows meta-analyses carried out with studies on preschoolers, which showed negligible heterogeneity (I 2 = 0%): the complicated TDI group was significantly more likely to have any impact on OHRQoL than the group without TDIs (pooled OR = 1.58, 95% CI: OHRQoL -Oral Health-related Quality of Life; TDI -Traumatic dental injurie; CC -Case Control; CS cross-sectional.
| Severity of traumatic dental injuries
1.08-2.31) and the group with uncomplicated TDIs (pooled OR = 1.53, 95% CI: 1.04-2.26). The only study which compared complicated TDIs with controls in schoolchildren 49 also showed that they had a greater chance of having a highly negative impact on OHRQoL. This study, however, defined complicated TDIs as those with fractures involving dentine and/or the pulp, which differs slightly from the definition used in our systematic review (injuries involving exposure of the pulp tissue and/or dislocation of the tooth).
| DISCUSSION
The Generally, preschoolers do not self-complete the OHRQoL questionnaires; instead, they are usually answered by parents as main caregivers. On the one hand, a previous systematic review 62 has shown that parents may underestimate the impact of children's oral problems, because they have a different perspective and limited knowledge about some aspects, particularly those related to social and emotional well-being. Additionally, parents underestimate the importance of primary teeth, unless the children suffer severe TDIs involving other tissues. 62 On the other hand, oral conditions have an indirect impact on parents and family members, because they result in lost workdays or in having to spend time and money on dental care. 63 It is important to highlight that the SOHO-5 is the only questionnaire which has a child self-report and a parental report to be used in children 5-6 years of age who are able to participate in an interview. In contrast with the impact underestimation by parents highlighted in the previous systematic review, 62 a study with the SOHO-5 questionnaire has obtained similar OHRQoL rates from parents and their children. 65 This is expected, since it is during adolescence that children integrate the idea of aesthetic health as part F I G U R E 4 Meta-analysis of standard mean differences on oral health-related quality of life domains' scores between traumatic dental injuries and control groups [Colour figure can be viewed at wileyonlinelibrary.com] of their self-esteem. 66 On the other hand, a gap that merits being highlighted is the lack of knowledge concerning schoolchildren aged 6-10 years, because only two studies included those aged 8-10 years, and none assessed children aged 6-7 years.
Heterogeneity was considerable (I 2 > 75%) in four meta-analyses:
one with studies on preschoolers (symptoms domain, I 2 = 79%) and three with schoolchildren. The three latter were those constructed with the total OHRQoL score (I 2 = 86%), the functional domain (I 2 = 81%) and the psychological one (I 2 = 88%). The only study clearly out of the pattern in these three meta-analyses among schoolchildren was the one published by Antunes et al 43 in 2013, which differs from the others in having a case-control design and a
small sample size (50 subjects). On the other hand, although variety in OHRQoL instruments was anticipated as a relevant source of heterogeneity, it was not a major problem because most of the studies used the same instrument: the ECOHIS in preschoolers and the CPQ11-14 in schoolchildren. Furthermore, no test for subgroup differences was statistically significant (P = .95 and P = .98), indicating that age-specific instruments could provide comparable measures.
As continuous scores are generally proposed for OHRQoL instruments, two strategies of analysis were applied in these studies: testing between groups' differences in score means, as well as in proportions of patients reporting any impact. In this latter strategy of analysis, the cut-off point selected to dichotomize the continuous variable could affect the prevalence of OHRQoL impacts, which is dependent on the case definition used. Prevalence could be overestimated in the studies included in our review, given the use of the lowest cut-off point (at least one item). Further research is needed to select the most adequate cut-off point to define OHRQoL impact.
On the other hand, using different complementary OHRQoL outcomes, such as continuous scores and dichotomized variables, may improve the interpretation of data. 67 We identified some limitations in our review process that deserve to be commented on. First, there is the possibility that we failed to identify all articles to assess the impact of TDI on children's OHRQoL. However, we believe that this was minimized due to the sensitive search strategy used, the additional search of references by hand and the double independent review process used. Second, three cross-sectional studies could not be included in any of the meta-analyses mainly because of the lack of the specific estimator needed, but their data were consistent with our findings. 34, 40, 57 Third, the internal validity of the summary provided by a meta-analysis depends on the quality of primary studies. In our systematic review, sensitivity analysis by quality assessment was not performed because the risk of bias was very homogeneous among studies.
Quality was considered only moderate for most of them, mainly because the cross-sectional design is considered weak, but all other criteria were principally rated as being of strong quality. Despite the experimental design not being possible in this field, observational prospective studies are needed to evaluate with the best scientific evidence the impact of TDIs on patients' OHRQoL by measuring it before and after trauma. Fourth, caution should be exercised when generalizing the findings, because most of the studies come from Brazilian populations. Finally, because we did not have more than 10 studies to pool in any meta-analysis, funnel plots to explore possible publication biases were not constructed.
| CONCLUSION S
Traumatic dental injuries have a negative impact on OHRQoL in minors, both preschoolers and schoolchildren, and even more if the TDIs involve exposure of the pulp tissue and/or dislocation of the tooth.
A standardization of the outcomes to measure TDIs' impact on F I G U R E 5 Meta-analysis of odds ratios to suffer oral health-related quality of life impact defined as ≥1 endorsed items to assess complicated traumatic dental injuries in preschooler [Colour figure can be viewed at wileyonlinelibrary.com] children's OHRQoL, such as score mean differences and suitable cutoff points, is needed. Well-designed prospective cohort studies with long-term follow-up are required to confirm the findings reported in this review and to understand how TDIs' impact changes with time.
